ABSTRACT
Since Barrow first published his PBL theories, numerous PBL studies have been conducted. Furthermore, in the last decade, PBL research has been published in journals in world-class databases such as Science DirectWiley, Taylor & Francis, and SAGE, which focus on medicine (see McLoughlin & Darvill, 2007; Roberts & Mitchell, 2005; Rogal & Snider, 2008; Rowan et al., 2007) , social sciences (Bozic & Williams, 2011; De Simone, 2008; Dunlap, 2005; Lozano et al., 2012; Pearson et al., 2007; Pourshafie, Murray-Harvey, 2013) , and sciences (Araz & Sungur, 2007; Carrio et al., 2011; Pepper, 2010; Sungur, Tekkaya, & Geban, 2006) , respectively. In almost all of this research, the PBL approach is used as a method to provide effective learning and develop beneficial learning practices, such as self-direction, inquiry, meaningful learning, and conceptual understanding.
COMPUTERS, PRE-SERVICE TEACHER TECHNOLOGICAL NEEDS, AND PBL
Over the past thirty years, the importance of computers in human life has increased, leading to changes in almost all research areas (social sciences, sciences, and medical sciences) and our daily lives. Moreover, computer innovations have also changed the education system worldwide, introducing a new concept in academic literature: information communication technologies (ICTs) . According to the Organization for Economic Co-operation and Development (OECD), ICT is currently one of the most important aspects in education and will remain so in the future (OECD, 2013) . The question "How should ICT be used in an education system?" introduced new ways for teachers to use their ICT knowledge and skills in classroom instruction and to effectively perform their professional responsibilities. Furthermore, an International Society for Technology in Education (ISTE) report (2008) suggests "teachers continuously improve their professional practice, model lifelong learning, and exhibit leadership in their school and professional community by promoting and demonstrating the effective use of digital tools and resources." Additionally, teachers' confidence regarding ICT classroom use is considered as one of the crucial aspects (European Commission, 2013, p.19) . Pre-service teachers' ICT classroom use depends on the skills they have gained during their in-service school experiences (Cuckle & Clarke, 2002; Wedman & Diggs, 2001 ). Eventually, ICT should integrate teacher education curricula and pre-service teacher training processes for effective instruction (Russell, Bebell, O'Dwyer, & O'Connor, 2003) .
and Hancock (2010) have defined as introduction, presentation of information, and end of lesson. Lecture-based computer courses are slightly different from other lecture-based instruction in terms of its structure. Essentially, the lecturer starts with an introduction, presents the information, allows student application of information-related sample issues on their computers, and ends the lesson. In this respect, lecture-based courses obstruct student creativity, problem-solving skills (Hsieh & Knight, 2008) and ICT skills. To eliminate these negative outcomes and to effectively enhance student ICT skills, PBL approaches may be used in computer courses. Although most PBL research has used computers as technological learning tools to facilitate teaching and learning processes (see Dunlap, 2005; Kim & Pedersen, 2011; Raes, Schellens, De Weyer, & Vanderhoven, 2012) , there have been quite a few studies in recent years examining PBL-based approaches to computer courses (see Baturay & Bay, 2010; Warren, Dondinger, McLeod, & Bigenho, 2012) . However, none of these studies applied to pre-service teachers. While Warren et al. (2012) focused on using PBL and 3-D computer game strategies in course design, Baturay and Bay (2010) used an experimental design for distance education. The present research may be the first PBL-based experimental study using both qualitative and quantitative approaches to provide and determine pre-service teacher ICT skills.
PURPOSE AND RESEARCH QUESTIONS
In the 21 th century, given the importance of teachers' ICT skills, teacher training curricula have been redesigned to incorporate technological innovations. Computer courses have been applied in teacher training programs to provide effective teacher training with regard to technological innovations. However, it may be impossible to produce technologically innovative teachers through lecture-based computer courses. Pre-service teachers' acquisition of ICT knowledge and rules may not be sufficient for them to use ICT in solving instructional problem situations. For effective teaching and learning, pre-service teachers need to solve real-life instructional problems, which they will encounter in classrooms. Thus, the aim of the present study is to determine pre-service teachers' learning outcomes in terms of academic achievement and key learning factors. The research questions are as follows:

Is there a significant difference in academic achievement between pre-service students in PBL and LBCC groups?  What are pre-service teachers' views regarding the PBL and LBCC approaches as they relate to learning outcomes, individual outcomes, individual computer skills, and the learning process?
METHOD
During the spring semester of 2013, the present study was conducted in a basic computer course taken by primary school pre-service teachers in the faculty of education. There were 187 pre-service teachers who took the course. The study sample (n=127) was randomly selected. Furthermore, these pre-service teachers were randomly divided into two groups. The present research used an experimental design, including a pre-and post-test group. In the first group, the PBL approach was used, and the group was named "Group PBL." In the second group, the LBCC approach was used, and the group was named "Group LBCC." At the end of the research process, the interviews were conducted with 12 randomly selected pre-service teachers; half were from Group PBL, and half were from Group LBCC. Details of the study research design are given in Table 1 . Lecturer presented course subjects to preservice students. After that, pre-service students worked on similar sample subjects on computer individually. X 1.2 X 1.1 : Shows the pre-AT that applied to pre-service teachers before the research process started. X 1.2 : Shows the post-AT that applied to pre-service teachers at the end of the research process.
Participants
Group LBCC includes 67 pre-service teachers in the same department and at the same level, but chosen randomly from two classes. Furthermore, 42 pre-service teachers are female (62.7%), and 25 are male (37.3%); their ages range from 17 to 20 years ( =17.85; sd=0.87). In Group PBL, there are 60 pre-service teachers chosen from the same two classes as those in Group LBCC. Of the 60 pre-service teachers, 36 are female (60%), and 24 are male (40%); their ages range from 17 to 21 years ( =17.92; sd=0.91).
Research Content (Subjects)
The present research was conducted on a basic computer course. Throughout the study, the basic MS Excel features and 23 different Excel functions listed in Table 2 were used. 
Procedure
The present research was completed within seven weeks. In the following sections, a detailed explanation is given of the research procedures that were applied in both Groups PBL and LBCC.
Procedure in Group PBL Introductory Seminar
The PBL approach was used in this group. A two-hour introductory course was held for pre-service teachers before the research process began. The aim of the introductory seminar was to provide pre-service teachers with the critical structure of the course subjects. Within the scope of the introductory course, the general structure of MS Excel software and five different Excel functions; each of which was selected from mathematical, statistical, logical, textual, and knowledge function categories were explained in detail to the pre-service teachers. All functions that were presented to pre-service teachers were distinct from the functions the research subjects were given in section 5.2. During the introductory seminar, following the lecturer's presentation, pre-service teachers individually applied samples on computers, and they asked the lecturer questions about the functions. Additionally, participants were divided into ten different groups, each with six or seven members. After the introductory seminar, the lecturer explained the steps for the PBL and the way participants should work during the research process.
Research Procedure
Each week (a total of four course hours) the lecturer presented a problem situation to the participants at the beginning of class. Then, each group spent two course hours working on the problem separately and trying to draft a problem-solving plan. Moreover, each group met throughout the week to develop the draft problem-solving plan and find a solution. For two hours at week's end, each group projected their solutions to the other groups in the computer laboratory, and they gave a problem report to the lecturer. The following is a sample problem situation that was presented to the groups: 
Procedure in Group LBCC
Each week (a total of four course hours), the lecturer gave a presentation to students and explained the structure of three functions, projecting several examples during the first two course hours. Then, students used computers to work individually on the samples, and they printed Excel documents during the last two course hours. Finally, students wrote a short report about their MS Excel documents.
Data Collecting Tools
The present research used two different data collecting tools. The tools' general structure and statistical analysis are given in the following sections.
Academic Achievement Test (AT)
There are 21 open-ended questions in AT. In the fifth question, there are three sub-questions. Moreover, in all of the questions, pre-service teachers are expected to write a proper and meaningful Excel function or a combination of proper functions. To score the items, criteria-such as (1) selecting correct function/s, (2) correct punctuation in function/s, (3) logical integrity, and (4) selecting correct cell/s-are used to provide objective evaluation of pre-service teacher papers. Consequently, a correct answer is given 5 points. According to reliability analysis of the AT, Cronbach's Alpha coefficient was calculated as 0.91.
Interview Form (IF)
There are five open-ended questions in the interview form (IF). The comments of three experts with doctoral degrees were considered in IF question development. Moreover, another expert with a doctoral degree checked the questions in terms of their language structures and clarity. All interviews were conducted in the researcher's office and were recorded with an audio recorder. In the next phase, the researcher gave participants standardized names in the recorded transcripts (e.g., PBL-Student-1…, LBCC-Student-1…, etc.). Student interview transcripts were 42 pages in total. Then, two transcript copies were made, one that the researcher coded and the other that an independent expert with a doctoral degree coded. Following the coding process, an inductive content analysis method was applied. Additionally, according to the results of Miles and Huberman's (1994) inter-coder reliability analysis, the inter-coder reliability of the IF was 0.87.
FINDINGS Academic Achievement of Pre-Service Teachers in Group PBL and Group LBCC
The t-test is performed to determine the difference between the pre-AT scores of pre-service teachers in Group PBL and Group LBCC. The test results are given in Table 3 . The results given in Table 5 show that there is a meaningful group difference in favor of group PBL (p<0.001). Moreover, the adjusted mean post-AT test scores of Group PBL's pre-service teachers are higher than those of Group LBCC's pre-service teachers.
Group PBL Qualitative Findings
Interviews were conducted with six pre-service teachers from Group PBL. The themes, sub-theme(s) and codes obtained from the interview transcripts are shown in Table 6 .
In Table 6 , there are four themes and two sub-themes in the "individual attainments" theme. In the "challenging" theme, four codes are found that relate to requiring more time, group participation, and needing to conduct further research. Additionally, it is determined that there are three codes within the "creativity" theme and two different sub-themes within the "individual attainments" theme. The first sub-theme, "cognitive attainments," includes four codes that clearly refer to the pre-service teachers' cognitive development. The second sub-theme, "affective attainments," includes four codes that relate to the requisite pre-service teacher characteristics to achieve effective learning environments. These characteristics are mentioned in the results of prior PBL research. Lastly, in the "group aspects" theme, three codes, likely consequences of small group training, are found. 
Group LBCC Qualitative Findings
The interview results for six pre-service teachers from Group LBCC are shown in Table 7 . To feel ineffectiveness 3
In Table 7 , there are four different themes. The first theme, "ease of learning," includes three codes. At first glance, all of these codes seem to have a positive effect on learning (e.g., less effort, fast learning, and simplicity). Additionally, the second theme, "superficial learning," consists of three codes that have adverse effects on the learning process. In contrast, the "effective learning" theme, which contains a "meaningful learning" code, has a positive impact on learning; however, its frequency is very low. Lastly, in the "adverse affective aspects" theme, which includes "to feel inadequacy" and "to feel ineffectiveness" codes, more than half of the pre-service teachers state that they have negative feelings about learning at the end of the study.
DISCUSSION AND CONCLUSION
In this section, both qualitative and quantitative results are discussed to form a general framework and emphasize the study's conclusions. Learners' academic achievements have been discussed in terms of its importance in higher education. In the present study, the learning outcome perspectives are discussed with the strength of quantitative and qualitative analysis techniques under PBL and LBCC conditions. According to the t-test results of the pre-AT scores of the pre-service teachers in both Group PBL and Group LBCC, Group LBCC's pre-service teachers had significantly higher scores ( =13.00) than those of Group PBL ( =0.40). However, at the end of the research process, the post-AT ANCOVA results of Group PBL's preservice teachers showed that they had significantly higher scores ( =72.61) than those of Group LBCC ( =44.17). It is evident that the PBL methods used in this basic computer course have highly positive effects on learning outcomes. In this context, the quantitative results of Sungur, Tekkaya and Geban's (2006) study favor the present study's findings. Moreover, according to the qualitative results of the present study, the "more self-confidence" and "intrinsic motivation" codes (see the "affective attainments" sub-theme of the "individual attainments" theme in Table 6 ) and the "to feel inadequacy" and "to feel ineffectiveness" codes (see the "adverse affective aspects" theme in Table 7 ) reflect learners' motivations. Thus, these motivational characteristics may positively affect the learners' actual achievements in Group PBL, while they may negatively affect Group LBCC. These findings agree with the results of Meyer, McClure, Walkey, Weir, and McKenzie's (2009) structural equation modeling study, which showed that motivational aspects were strongly related to learners' actual achievement. Furthermore, these researchers described two types of actual achievement: high achievement (doing my best) and low achievement (doing just enough). In this context, considering PBL and LBCC methods and procedures, the "to require more time," "to require group participation," "to find mutual solutions," and "to perform research orientation" codes in the "challenging" theme (see Table 6 ) may closely relate to high achievement (doing my best), while the "less effort," "fast learning" and "simplicity" codes in the "ease of learning" theme may closely relate to low achievement (doing just enough).
Additionally, the codes obtained from Group PBL, "deep learning," "meaningful learning," "permanent learning," and "knowledge customization" in the "cognitive attainments" theme (see Table 6 ), and the codes obtained from Group LBCC, "to fail recall knowledge," "to have difficulty in customizing knowledge," and "to have difficulty linking knowledge" in the "superficial learning" theme (see Table 7 ), support these achievement correlations. In contrast, two pre-service teachers in Group LBCC stated that they had learned the subjects meaningfully (see "effective learning" theme in Table 7 ). These statements conflict with those from other preservice teachers in the same group. However, it was determined that they are experienced pre-service teachers in terms of using MS Excel functions. In this regard, it is evident that these views may arise from the situation's typical results.
Apart from the aforementioned comments, a study conducted by Diseth and Martinsen (2003) focused on the relation between deep, strategic, and surface learning approaches and academic achievement. They found a direct relation between the learning approaches and academic achievement. Thus, in the present study, both codes in the "challenging" and "individual attainments" themes in Group PBL (see Table 6 ) and the codes in the "superficial learning" and "adverse affective aspects" themes (see Table 7 ) in Group LBCC correspond with their study results.
On the other hand, according to qualitative results of Group PBL, the codes "to require group participation," "to perform research orientation," and "to find mutual solutions" in the challenging theme are emphasized as PBL goals in many studies (Barron et al., 1998; Hmelo-Silver, 2004) . Additionally, the "knowledge customization" code in the "cognitive attainments" sub-theme may be related to self-directed/regulated learning. According to the definition of self-directed/regulated learning, learners with previous experience are able to adapt their problem-solving approaches, strategies or skills to various problematic situations. In this regard, knowledge customization is only possible if they learn the subjects deeply and meaningfully; therefore, the codes "deep learning," "meaningful learning," and "permanent learning" (see Table 6 ) may provide evidence of this knowledge customization because, according to the studies of Azer (2009), Gijbels et al. (2005) , Loyens et al. (2013) , and Mennin (2007) , the concept of self-directed/regulated learning is one of the basic parts or outcomes of the PBL approach.
In the present study, the "creativity" theme is one of the most interesting results; Mayer stated that creativity is the "creation of new and useful products including ideas as well as concrete objects" (Zeng, Proctor, & Salvendy, 2011) . In this regard, there are three theme codes: "to be open new ideas," "to handle the problem from different angles," and "to imagine various solutions." Studies that discuss the creativity concept state that creativity has two criteria: novelty and appropriateness (Alfonso-Benlliure, Meléndez, & García-Ballesteros, 2013; Zeng, Proctor, & Salvendy, 2011) . Additionally, creativity may be possible if learners approach a problem from different perspectives (Csikszentmihalyi & Getzels, 1971) , as stated in the "to handle the problem from different angles" code; have imagination (Badran, 2007; Karwowski & Soszynski, 2008) , as stated in the "to imagine various solutions" code; and consider new ideas with encouragement and support (Craft, 2003) , as stated in the "to be open In a study conducted by Moore (2000) , the group creativity and learners' individual creativity were compared, and the results showed that learners had higher creativity scores when they worked in groups than when they worked individually. Furthermore, he accepted that high cohesion and high knowledge variables were indicators of creativity. Similarly, Karwowski and Soszynski (2008) stated that group activities support learners' creativity. In the present study, "cooperation" and "communication" codes in the "creativity" theme may show evidence of high cohesion. Additionally, the "to find mutual solutions" code in the "challenging" theme may relate to high knowledge.
There are two main conclusions in the present study. The first one relates to the PBL approach. Apart from prior research, it is found that the PBL approach supports learners' affective and cognitive constructs in a positive manner and favors learners' creative problem-solving skills. However, this approach is rarely encountered in literature in terms of computer course content. This research gap is far more significant in terms of pre-service teachers' professional development. Pre-service teachers should be able to solve problems that they will encounter in classrooms in their professional work life in the near future, and in this process, they may use creativity skills. The second conclusion relates to learning in PBL and LBCC conditions. On the one hand, the research results clearly illustrate that LBCC is not adequate in providing the necessary skills and meaningful learning for the preservice teachers in terms of actively engaging them in the learning process and constructing effective and meaningful learning; on the other hand, it is evident that PBL supports learners by implementing concrete learning motivation, encouraging affective and cognitive attainments, and challenging learners. Additionally, in computer courses, providing active participation in the learning process is not possible by solely providing pre-service teachers with lecturer examples on computers. Lecturers should give learners problems that have different structures than the ones that the lecturer presents in class. Thus, the PBL process goes beyond the ordinary learning process, which is described as repeating the lecturer's examples on the computer, and provides learners with real active participation.
